BACKGROUND: There are over 15 million children who have cardiac anomalies around the world, resulting in a signifi cant morbidity and mortality. Early recognition and treatment can improve the outcomes and lengthen life-expectancy of these patients. The NIH and WHO have promoted guidelines for screening for congenital cardiac anomalies using ultrasound in rural environments.
INTRODUCTION
In the developing world, over 15 million children are affected by cardiac anomalies, resulting in a significant morbidity and premature death. [1] This imposes a substantial burden on health care systems, especially those with limited resources. Early recognition and treatment can significantly improve outcomes and lengthen life-expectancy of these patients. [2] With advanced imaging often financially out of reach for many in these populations, ultrasound has emerged as a convenient and portable method of imaging in rural communities and austere environments. [3] [4] [5] [6] Furthermore, f o r t h e d i a g n o s i s o f c o n g e n i t a l h e a r t d i s e a s e , echocardiography has become a first-line imaging modality. [7] Since 2006, both the National Institutes of Health (NIH) and WHO have promoted guidelines for both screening and diagnosis of congenital cardiac anomalies. With rheumatic heart disease and congenital heart defects now being the most common cardiovascular ailment in patients under 25, there has been a renewed focus on clinical screening programs in developing nations. [1, 8] In Latin America, a significant proportion of Panamanians live below the poverty line in rural communities resulting in a bimodal lifetime age distribution. [9, 10] This discrepancy results in disproportionately affected populations which can be attributed to the fact that many patients live in rural communities with unsanitary conditions and poor access to healthcare. [11] With multiple recent international studies in Mexico and Africa using point of care ultrasound to screen patients for cardiac anomalies, there is hope that similar projects can have promising results in rural Panama. [12, 13] In this project, a group of fi rst year medical students traveled to Bocas Del Toro, Panama to visualize basic cardiac anatomy on pediatric patients. Combining the explosiveness of ultrasound in medical education and the need for pediatric cardiac screenings in rural settings, our aim was to determine if minimally trained firstyear medical students were able to successfully identify pediatric cardiac anatomy and cardiac pathology in rural Panama.
METHODS

Study design and setting
This was a non-blinded, investigational study utilizing a convenience sample of pediatric patients presenting for voluntary evaluation between June 16, 2014 and August 10, 2014. The study was approved by the Institutional Review Board. Written consent was obtained by each subject's parent or legal guardian prior to enrollment. The study took place in Bocas Del Toro, Panama where a mobile clinic was established for community healthcare screening and ultrasonographic evaluation by medical student volunteers and an American-trained, board certified emergency medicine physician who completed emergency ultrasound fellowship. Ultrasound screening took place on selected days throughout this time period. Any patient under 18 years of age was eligible for enrollment in the study. All patients were asymptomatic volunteers without any fi nancial compensation.
Seven American-trained first-year medical students were recruited and consented for study enrollment. All students had completed an entire first year of medical education which included human physiology, human anatomy, cardiac anatomy and basic cardiac ultrasound. In addition, all seven students also received twelve additional hours of advanced cardiac ultrasound instruction, termed "Pediatric Echocardiography Cardiac Screening" (PECS), by the emergency ultrasound director at our institution. PECS included identification of cardiac pathology and structural abnormalities including interventricular septal defects, atrial septal defects, mitral regurgitation, mitral stenosis, tricuspid valve regurgitation, aortic regurgitation, aortic stenosis, and pulmonary stenosis ( Table 1) . To be considered qualified for cardiac screening, each student needed to demonstrate the ability to obtain the required cardiac views including parasternal long, parasternal short, apical 4 chamber, and apical 5 chamber and to perform the required techniques including color doppler and pulse wave or continuous wave doppler..
Intervention
Enrolled patients underwent cardiac ultrasonography done by trained medical students. For a patient to be considered for data analysis, all 4 cardiac views must be visualized and recorded. A sonosite M-turbo and Sonosite Edge (FUJIFILM Sonosite Inc) using a P21 5-1Mhz probe were used to enroll all patients. Per the PECS protocol, patients had parasternal long, parasternal short, apical 4 chamber, and apical 5 chamber views saved for review. Images were documented by the students as "normal" or "pathologic". A blinded board certified ultrasonographer then reviewed all images to determine adequacy of image quality and attempted 
Methods of measurement and outcome measures
The primary outcome of the study was to determine if first-year medical students were able to obtain adequate quality images to assess for cardiac anomalies in pediatric patients as determined by our board certifi ed ultrasonographer. This outcome was defi ned by obtaining all adequate images required of the PECS criteria. A secondary outcome was to determine if minimally trained first-year medical students were able to identify any cardiac pathology that could be validated by review of a blinded ultrasonographer. All recorded video clips were reviewed by the blinded ultrasonographer to determine adequacy of image quality.
RESULTS
A total of ten patients were enrolled in this study. Their ages ranged between 3 and 17 years ( Table 2) . There was an equal number of males and females. A total of nine patients had all adequate images as defined by the PECS criteria and were all classifi ed as normal cardiac pathology by the medical students. These video clips were reviewed by the on-site, blinded ultrasonographer and the ultrasound director of our department, resulting in a sensitivity and specificity of 100%. The ultrasound director was a board certified emergency medicine physician who underwent emergency ultrasound fellowship. A single patient was identified by medical students as having a pathologic pulmonic stenosis. This was identified on site by the blinded ultrasonographer and confirmed as correct by ultrasound director at our institution.
DISCUSSION
Given the prevalence of congenital heart disease in rural populations, multiple international studies [8, 11, 13, 14] Beaton et al [14, 15] compared auscultation with protocolized echocardiography in sub-Saharan Africa. This study showed a significantly higher burden of disease than expected which was attributed to the poor sensitivity of auscultation for identification of such pathology. The study concluded that widespread ultrasound screening followed by comprehensive follow up for positive scans is key to successful programs. Although such screening programs can be promising, their screening is performed by residency trained physicians who may not always be available in rural communities. Despite a thorough literature review, no clinical studies have been done in rural Panama to assess the ability of screening echocardiography to identify cardiac anomalies. Additionally, the ability of minimally trained medical students to identify cardiac pathology is not well understood. [6, 11] Our aim was to determine if minimally trained first-year medical students were able to identify basic cardiac anatomy. The development of basic ultrasound curriculum initiated early in medical education allows minimally trained practitioners early exposure to ultrasonography. This bodes well for rural communities where healthcare facilities are sparse. We hypothesized that if fi rst-year medical students were able to accurately provide cardiac screening in such a rural environment, then local practitioners may be able to do so following a protocolized PECS training course.
Our study was unique in two ways. First, no previous studies have evaluated ultrasonography in rural panama. Second, few studies have evaluated minimally trained practitioners ability to correctly identify normal versus pathologic cardiac anatomy in rural settings. Although our sample size was small (n=10), the high sensitivity and specifi city suggests that the amount of training time and resources required for effective screening is low. Given the morbidity and mortality of congenital heart disease, greater access to cardiac screening would be a substantial health benefit to rural communities such as Bocas Del Toro, Panama, especially if minimally trained local practitioners could take part. Furthermore, the development of more portable and affordable ultrasound technology has allowed echocardiography screening to enter even the most austere environments. [16] [17] [18] Interestingly, during the course of data collection, a single patient was found to have pulmonary stenosis during the screening event. This was reviewed and correctly identified by the on-site ultrasonographer during review of images. Based on these ultrasound findings, the patient had arrangements made for transportation to the nearest pediatric cardiac center. There, a radiology performed echocardiogram was done that again identifi ed pulmonary stenosis and this patient underwent successful surgical repair. This success story brings into question the true prevalence of congenital heart defects in pediatric patients in rural Panama. Without adequate medical care and screening, the true prevalence of such disease is unknown. In our project, the total number of screened patients is low; however, further studies would need to be done to justify the use of resources for cardiac screening. Additionally, practitioners without advanced anatomy and physiology may need a modifi ed training program to help screen for these pathologies.
While there needs to be larger-scale clinical trials to confirm out promising conclusions, future studies may include wireless transmission of images to be reviewed off-site and determine which patients can benefit from further testing. This would be instrumental in patients in remote locations. Additionally, for communities with limited fi nancial resources and lack of access to primary care physicians, point of care ultrasound may prove useful for basic screening to help determine if patients even need advanced medical care. The increased access to low-cost ultrasound screening could prove beneficial in rural communities. Simplifi ed training courses would also increase the number and type of personnel who can be involved in screening patients. Ultimately, additional studies are needed to adequately assess the efficacy of point of care ultrasound in the hands of minimally trained practitioners.
Limitations
Although the results of the study are promising, the total number of enrolled patients is low. Additionally, the study was done at a single site. Medical students were also exposed to additional ultrasound training during their fi rst-year of medical school. Images were recorded and reviewed by on-site board certifi ed physician. Future studies may have pre-defined definitions of abnormal findings. The PECS protocol may not be useful for practitioners who do not have advanced cardiac anatomy training. Decreasing the number of views required in the PECS protocol may increase the number of patients willing to be screened. Having a cardiologist available to interpret all ultrasounds may be useful to help differentiate between pathology and normal variants although the fi ndings listed in the PECS protocol can be identified by appropriately trained emergency medicine physicians
In conclusion, in this pilot study, first-year medical students were able to correctly identify pediatric cardiac anatomy and pathology in rural Panama after undergoing a 12-hour ultrasound PECS training session. We believe that with this knowledge, minimally trained practioners can be used to screen for cardiac anomalies in rural Panama using ultrasound.
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